expenses) increased by 3.6% in the same period, from 55 to 57 billion USD. This includes labor and external charges, typically 52 considered the only variable costs of airports (Oum et al., 2008) . 53 This contradiction between traffic and costs motivates this research. Airports are particularly infrastructure-intensive, 54 which leads to massive investments and indivisibilities. The presence of these technological fixities has been traditionally 55 linked to lack of flexibility of airports in adjusting their input demands (especially the capital stock) to the evolving traffic 56 levels (Graham, 2008) . This is particularly obvious during expansive times, as airport capacity typically increases stepwise 57 and always beyond existing demand. However, the figures discussed above suggest that airports are not being flexible during 58 bad times either, and since capital costs were not included, one may argue for the existence of non-technological factors to 59 explain this behavior: factors that may not manifest during expansive times or whose influence is exacerbated by the con-60 traction in demand. The impact of this behavior on cost efficiency, regardless of the actual factors, is bound to be significant 61 as it appears difficult to justify such increase invariable costs out of a falling traffic level.
62
With this background, the objective of this paper is precisely to identify the drivers of airport cost flexibility in a context The latest recession provides a unique background for this empirical exercise, as financial data on airports became 76 increasingly available at a time when they were much challenged to control costs and remain flexible. Also note that, while 77 past studies adopted a static approach, this contribution is novel in the sense that the variable of interest is not the efficiency 78 level on a certain year, but the variation inefficiency across a time period (proxy for cost flexibility). with any movement towards increased corporatization.
88
The role of the airport and the scale of production are the next most common variables and they usually aim to charac-89 terize the difference between large hubs and small regional airports. In that respect, the consensus is that large airports tend 90 to operate more efficiently than smaller ones, especially those serving less than 1 million annual passengers. This is arguably 91 a consequence of significant returns to scale in airport operations (see, e.g. Martín et al., 2009 SCF estimation methodology with the specification of five outputs, the inclusion of aircraft weight as a hedonic adjustment 1 SCF models only consider those costs that the airports would theoretically be capable of controlling in the short-run, such as labor and utilities, as opposed to long-run models where capital costs are also considered. The short-run approach also avoids introducing endogeneity in the model as airports delay capital investments by anticipating the contraction in demand. 139 pushed its output level beyond maximum capacity and it is experiencing increasing average operating costs a cause of it (e.g. 150 congestion, delays, etc.). Expansion should be considered at this stage. Finally, ECU = 1 indicates that, in theory, the airport is 151 operating at optimal capacity. where w > 1 indicates that ATM-related costs increase more than proportionally with aircraft weight.
164
The cost function also features two input prices: materials (x m ), and labor/personnel (x p ). The price of labor is obtained 165 by dividing labor costs by the full-time equivalent employees (ftes) of the airport authority. The calculation of the price of 166 materials is more complex: materials costs are divided by a quantity index based on marginal productivity ratios, calculated 167 among a predefined set of inputs assumed to represent the airport's overall demand for utilities and maintenance (''shadow 2 Differentiating costs with respect to an input price leads to the same input demand function (Shephard, 1953) , i.e. inputs''). Marginal productivities are estimated from a ray production frontier provided by the reference paper. 4 The ''sha-169 dow'' inputs considered were check-in desks, boarding gates, and total warehouse area.
170
As prices are related to the observed costs, they reflect each airport's specific circumstances (i. can be introduced in order to account for technical inefficiency, leading to a stochastic frontier specification (Aigner et al., 1977) .
179
The impact of AI on operating costs is formulated using the shadow price method of Kumbhakar (1997 The parameter of technical inefficiency u is allowed to vary systematically over time allowing firm-specific effects f i , as in Since the estimation process will benefit from any additional information that can be added to the cost system and no col- 4 See Appendix B in Martín and Voltes-Dorta (2011). 5 German airports tend to perform a wider range of core activities in-house, which inevitably leads to higher operating costs than similar airports in other countries. However, the application of this calculation method leads to higher input prices, which, in turn, will also translate to higher frontier costs. In this way, each airport faces a cost frontier that adapts to its particular cost structure. 6 The airport is said to be technically inefficient if, given an output target and the actual input proportions, it fails to achieve the minimum operating cost.
Furthermore, the airport will be allocatively inefficient if there is an alternative input combination that would reduce costs even further. 7 Note that technical inefficiency does not affect factor shares as all inputs are overused in the same proportion. 8 Normal distributions in Eq. (7) follow WinBUGS' notation: N(mean, inverse-variance).
Second-stage regression

221
Once the cost frontier is estimated, the change in efficiency for the individual airports will be regressed against several 222 institutional and external factors, similar to those used in the past to explain airport efficiency. As mentioned in the intro- Table 2 shows the linear correlation matrix between all non-binary explanatory variables in order to evaluate any pos-243 sible threat of multicollinearity in the specification. It is clearly seen that no strong relationships are present as even the cor-244 relation between passenger traffic and aircraft size (a priori the most evident) is only 42%.
245
The variation in economic efficiency (eff) between 2007 and 2009 is used as a proxy for cost flexibility (flex), which is then 246 specified as dependent variable in a linear regression model:
where Z is a vector including all of the above-mentioned regressors. The Bayesian estimation was used again, with similar 251 distributional assumptions than the cost frontier (i.e. normally distributed parameters, Gamma disturbance, etc.). observations). The sample period was chosen to cover those years were the impact of the global crisis on air traffic was more 255 severe, 11 as the first signs of recovery were observed during the first quarter of 2010 (Eurostat, 2011) . Taking into account that 256 the major traffic losses were recorded in the mature markets in North America and Europe, the airport sample is clearly biased 9 Cargo hubs, on the other hand, will combine smaller passenger traffic with even heavier aircraft size. 10 Price regulation and service quality have also been used as drivers of airport efficiency but they could not be included in this paper because of data restrictions. 11 One could argue for the time series to be broader in scope in order to provide the necessary contrast in cost flexibility between growth and recession periods. Even though data was available, this idea was dropped because flexibility during expansive times was considered a long-run problem that shifts to short-run cost minimization if demand does not grow as planned. For obvious reasons, the second approach is the one featured in this paper and therefore, the sample period was restricted to the economic recession, using 2007 as a baseline.
to these regions. 12 The geographical breakdown of the 194 airports is as follows: 72 observations from North America, 106 from 258 Europe, and 16 from Asia-Pacific and Oceania (See Appendix B).
259
According to the methodological requirements outlined in the previous section, data collection was completed for the fol- Parity (PPP) USD using OECD's exchange rates.
267
Labor costs include all types of employee compensation, such as salaries and wages, retirement, and health benefits. operating costs should not increase, under optimal conditions, more than proportionally than traffic. In view of this evidence, 299 the main conclusion is that the airport industry has not been flexible enough to adjust capacity to demand and significant 300 efficiency losses can be expected, the estimation of which is the objective of the next section. 12 The availability of financial data was the main criterion for inclusion in the database and it explains the absence of some large European hubs. 13 Homogenization of reporting periods (financial vs calendar year) was not possible. However, this issue was taken into account when specifying the time variable in the cost function specification. 14 Since OAG only accounts for scheduled ATMs, charter flights are obtained by subtracting the OAG figure to the total ATMs. They are then assigned a representative aircraft for the MTOW calculations, defined for each airport in relation to their major charter operator's fleet (typically A320 or B737).
Results and discussion
302
Cost frontier and efficiency
303
The results of the Bayesian estimation are shown in Table 4 . The R 2 coefficient (built in the estimation code) has an aver- were adequate to the observed prices. Taking into account the cost shares at the average airport (58% materials), this instead of doing inference on the actual value, an odds-ratio 15 based on its posterior density will be calculated in order to con-340 front the mutually exclusive hypotheses of the variable having either a positive or negative impact in cost flexibility. outsourcing) leads to the conclusion than internalization, combined with increase labor productivity was actually their main 369 strategy to reduce costs. 16 The same applies to Frankfurt Airport (FRA), the most flexible large European hub in the sample. The 370 policy lesson is that airports with a higher share of in-house labor may be more capable to implement cost-saving programs as 371 they have more control over their cost structures.
372
Revenue diversification (srev) is shown to have a positive impact on flexibility. Even though the actual parameter is not 373 significant at a 95% confidence level, it is possible to calculate an odds-ratio (OR) based on the posterior density of the esti-374 mated coefficient. From the density shown in Fig. 4 (left) , it can be concluded that a positive impact is approximately nine 375 times more probable than a negative one, assuming a normal distribution (OR % 9). This result was also expected since in-376 creased diversification allows the airport to reduce risks by linking its overall performance to that of many different sectors 377 (air travel, cargo, retail, real state, advertising, etc.) which may not be equally affected by the recession.
378
Regarding the mix of traffic, the share of low-cost carrier flights is shown to increase cost flexibility as well (Fig. 4 right, 
379
OR > 15). In Europe, the effect of low-cost airlines is even larger, probably as a result of the number of very small sample 16 To improve labor productivity, HKG introduced variable compensation schemes during the SARS crisis, and more recently, the airport shifted to a ''cost and profit centers'' structure.
Pacific, airline dominance is typically associated to legacy carriers operating massive hub-and-spoke networks at congested 389 airports. Even during the most severe economic downturn, these dominant carriers have an incentive to hold onto underuti-390 lized (yet enormously valuable) runway slots and terminal spaces in order not to lose them to the competition. Therefore, 391 they end up reducing the level of cost flexibility (and economic efficiency) of themselves and of the airport operator. In that 392 regard, it would be beneficial to introduce more stringent regulation on slot allocation in order to ensure optimal utilization 393 of congested airport capacity. 394 Public corporatization in Europe (PUB-CRP) has a significant and positive impact on cost flexibility (+2.3%) in comparison 395 with the reference public-institution model. Increased commercial orientation, plus the lack of Government subsidies in 396 most cases, is likely to move cost minimization up in the priority list. A positive impact is also associated to those multi-air-397 port systems under public ownership (PUB-MAS). Again, the reason may be found in the diversification of traffic (full service, 398 low cost, business, general aviation, etc.) which is often seen in these airport systems. Since all markets have not been 399 equally affected by the recession, the airport authority has the option to reallocate resources across different business units 400 for increased cost flexibility. In spite of that, this does not seem to apply to US airports operated by Port Authorities (PAUTH), 401 such as e.g., Seattle, New York, which are not significantly more/less flexible than the reference ownership type. Our inter-402 pretation is that specialization does not allow for straightforward transfers between airports and seaports. 
